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$\frac{D}{Dt}$ , $W_{ij}=\partial u:(X(t), t)/\partial x_{j},$ $X(t)$ .
$W_{ij}=-\partial u_{i}/\partial x_{j}$ , Stretching
(1.1) . (1.1) ,
.
(1.1) $t$ \gamma p $= \frac{d}{J,bt}ln<t^{p}>^{1/p}$
, 2 . $W_{ij}$
$\gamma_{p}$ Kinematical ,
(NS ) $W_{:j}$ Dynamical .
NS , $t$ $x$
$s$ $v(x, t;s)$ , Lagrangian velocity auto-correlation
$R_{L}(t, s)\equiv<v(x,t;s)\cdot v(x,t;t)>$ , $\kappa\equiv<X^{2}>/2t(X$
) ,
$\kappa=\int_{0}^{t}dsR_{L}(t, s)arrow<v^{2}>T_{L}$ $(tarrow\infty)$ (1.2)
. Integral time scale $T_{L}$ , ;
$T_{L} \equiv\frac{1}{<v^{2}>}\int^{\infty}dsR_{L}(t, s)$ . (1.3)
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(1.2) Kinematical , NS $T_{L}$
Dynamical .




$T_{B} \equiv\int_{0}^{l}ds<B_{ij}(t)B_{ij}(s)>/\Omega^{2}$ , (1.5)
.1) $B_{ij}=(W_{ij}+W_{ji})/2$ , $T_{B}$ , Strain
.
, 2 Dynamical Simulation (1.4) $T_{B}$ ,
Integral time scale $T_{V}$ ;
$T_{V} \equiv\int_{0}^{t}ds<V_{:J}(t)V:j(s)>/\Omega^{2}$ (1.6)
Simulation $\gamma_{p}$ .2)
$V=R^{T}$BR , $A_{ij}=(W_{ij}-W_{j*}\cdot)/2$ $R$ $dR/dt=AR$
.
, , \S 2 Integral time scale $T_{L}$
$T_{B}$ . \S 3 , Kinematical
, ( ) , , ( ) , (
, . ) $T_{B}$ $T_{V}$
NS (Dynamical ) . , \S 4
.
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\S 2. $T_{L}$ $T_{B}$
\S 1 Integral time scale $T_{L},$ $T_{B}$ , Micro time scale $\tau_{L},$ $\tau_{B}$
;
$\frac{1}{2}\{\frac{\partial^{2}v:(x,t;s)}{\partial s^{2}}|_{=t}v:(x, t;t)\}\equiv-\frac{q^{2}}{\tau_{L^{2}}}$ , (2.1)
$\frac{1}{2}\{\frac{\partial^{2}B_{ij}(x,t;s)}{\partial s^{2}}|_{=\ell}B_{ij}(x,t;t)\}\equiv-\frac{\Omega^{2}}{\tau_{B^{2}}}$. (2.2)
, $R_{L}(t, s),$ $<B_{ij}(t)B_{ij}(s)>$ $s=t$
$(s-t)^{2}$ , $q^{2}=<u^{2}>$ . $R_{L}(t, s),$ $<B_{ij}(t)B_{ij}(s)>$ $(s-t)$
, (2.1), (2.2) Micro time scale , $\tau_{L},$ $\tau_{B}$ .2)
(2.1), (2.2) , cm$2/sec^{4},1/sec^{4}$ , \mbox{\boldmath $\rho$},
$\epsilon$ , \mbox{\boldmath $\nu$} 3, 4)
$\frac{q^{2}}{\tau_{L^{2}}}\sim(\frac{\epsilon^{3}}{\nu})^{1/2}$ , (2.3)
$\frac{\Omega^{2}}{\tau_{B^{2}}}\sim(\frac{\epsilon}{\nu})^{2}$ . (2.4)
(23), (24) $\epsilon\sim\nu\Omega^{2}\sim q^{3}/L$
$\frac{\tau_{B}}{\tau_{L}}\sim(\frac{\nu}{qL})^{1/4}\sim Re^{-1/4}$ (2.5)
. , $L$ , $Re$ .
, Eulerian velocity micro time scale $\tau_{E}$ , .
$\frac{1}{2}\langle\frac{\partial^{2}u:(x,s)}{\partial s^{2}}|_{=t}u:(x,t)\rangle\equiv-\frac{q^{2}}{\tau_{E^{2}}}$ . (2.6)
, (2.6) ,
3, 4);
$\frac{q^{2}}{\tau_{E^{2}}}\sim q^{2}\frac{\epsilon}{\nu}$ . (2.7)
150
(2.3), (2.7) Eulerian Lagrangian velocity time micro scale ,
.
$\frac{T_{E}}{\tau_{L}}\sim(\frac{\nu}{qL})^{1/4}\sim Re^{-1/4}$ . (2.8)
(2.5), (2.8) $B>\grave{b}$ Lagrangian strain tensor time micro scale as, Eulerian velocity time
micro scale .
\S $. $T_{B},$ $T_{V}$
, \S 1 Integral time scale $T_{B},$ $T_{V}$ ,
Time micro scale $\tau_{B}$ , $\tau v$ :
$\frac{1}{2}\langle\frac{\partial^{2}B_{ij}(x,t;s)}{\partial\ell^{2}}|_{\iota=t}B_{ij}(x,t;t)\}\equiv-\frac{\Omega^{2}}{\tau_{B^{2}}}$ , (3.1)
$\frac{1}{2}\{\frac{\partial^{2}V:j(x,t;s)}{\partial s^{2}}|_{=t}V_{ij}(x,t;t)\}\equiv-\frac{\Omega^{2}}{\tau_{V^{2}}}$ (3.2)
$(NS)$ . Time micro scale
Integral time scale . 2 Dynamical
Simulation , ,2) 3
Integral time scale .
$(NS)$ , .
$\frac{\partial u}{\partial t}=-(u\cdot\nabla)u-\nabla p+\nu\triangle u$
$=M$ : $uu+\nu\triangle u$ . (33)
$2M$ :ab $\equiv-(a\cdot\nabla)b-(b\cdot\nabla)a+2N$ :ab,
$N$ : ab $\equiv\nabla\nabla^{-2}\frac{\partial a_{j}}{\partial x_{k}}\frac{\partial b_{k}}{\partial x_{j}}$ .
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$g=\nabla^{-2}f$ , $\triangle g=f$ , $p$ $-\nabla p=N$ : uu
. , , Lagrangian position function
;
$\psi(y, s;x, t)\equiv\delta^{D}(y-r(x, t;s))$ . (3.4)
$5^{D}$ , $D$ $\delta$ , $r(x, t;s)$ , $t$ $x$
$s$ . $\psi$ ,




$W_{ij}( x, t;s)=\int_{V}\psi(y, s;x,t)\frac{\partial u:(y,s)}{\partial y_{j}}d^{D}y$ , (3.6)
$\frac{\partial}{\partial s}W_{ij}(x, t;s)=\int_{V}\{[\frac{\partial}{\partial\ell}\psi(y, s;x, t)]\frac{\partial u:(y,s)}{\partial y_{j}}+\psi(y, s;x,t)[\frac{\partial}{\partial y_{j}}\frac{u:(y,s)}{\partial s}]\}d^{D}y$
$= \int_{V}\psi(y, s;x,t)\{\frac{\partial u_{i}(y,s)}{\partial y_{k}}\frac{\partial u_{k}(y,\ell)}{\partial y_{j}}-\frac{\partial^{2}p(y,s)}{\partial y_{j}\partial y_{j}}+\nu\Delta\frac{\partial u_{j}(y.’ s)}{\partial y_{*}}\}d^{D}y$ . (3.7)
, . $\psi(y, t;x, t)=\delta^{D}(y-x)$
.
$W_{ij}( x,t;t)=\frac{\partial u:(x,t)}{\partial x_{j}}$ (3.8)






$+u_{a}(N : uu)_{i,ja}+2[N:u(M:uu)]_{i,j}$ , (3.11a)
$(\overline{W}_{\nu})_{ij}=\nu\{u_{k}\Delta u_{i,kj}-[\Delta u_{h},;u_{i,k}+u_{h,j}\Delta u_{i,h}]$




(31) $(\equiv B_{2})$ , (38)$-(311)$ .
$B_{2}= \frac{1}{2}\{\frac{\partial^{2}B_{ij}(x,t;s)}{\partial\ell^{2}}|_{=\ell^{B}}:i(x, t;t)\rangle$
$= \frac{1}{4}\{\ddot{W}_{ij}(W_{ij}+W_{ji})\}$





$c=-<$ $(M : uu)_{a,j}u_{i,a}(u_{j,i}+\underline{u:,j})>$ ,
$d=-<$ $(M :uu):,au_{a,j}(u_{j,i}+\underline{u:,j})>$ ,
$e=<2[N : u(M : uu)]_{i,j}(\underline{u_{j,:}}+\underline{u:,j})>$ ,
$\nu^{2}B_{22}=\nu^{2}<\Delta^{2}u:,i(u_{j,i}+\underline{u_{i,j}})>$
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. $B_{21}$ , ,
. ,
$<u_{i}( x,t)u_{j}(x+r, t)>=\int d^{D}kQ_{ij}(k, t)exp(ik\cdot r)$
$Q_{ij}(k,$ $\ovalbox{\tt\small REJECT}$ .
$a= \int d^{D}qq_{a}q_{b}q_{j}Q_{ii}(-q)\int d^{D}kk_{j}Q_{ab}(k)$
$+ \int d^{D}qq_{a}q_{j}^{2}Q_{b:}(-q)\int d^{D}kk_{b}Q_{ai}(k)$ , (3.13a)
$b=-2 \int d^{D}qq_{a}q_{\alpha}Q_{\beta j}(q)\int d^{D}pp_{j}p_{\beta}Q_{a\alpha}(-p)$ , $(3.13b)$
$c=(-2i) \int\int_{\Delta}:$ , $(3.13c)$
$d=(-2i) \int\int_{\Delta}d^{D}pd^{D}qM_{abc}(k)p_{j}q_{i}q_{j}Q_{ib}(p)Q_{ca}(-q)$ , $(3.13d)$




, $\int\int_{\Delta}$ $p+q+k=0$ $(p, q)$
. , ( ) $Q_{ij}(k)$ ,
$Q_{ij}(k)=D_{ij}(k)Q(k)+\epsilon_{ij\alpha}k_{\alpha}\chi(k)$ ,
$D_{:;}( k)=\delta_{ij}-\frac{k_{:}k_{j}}{k^{2}}$ .
, (313) , ;
$a= \frac{2}{3}\int_{0}^{\infty}k^{2}\chi(k)4\pi k^{2}dk\int_{0}^{\infty}k^{4}\chi(k)4\pi k^{2}dk$ , $(3.14a)$
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$b=- \frac{16}{15}\{\int_{0}^{\infty}4\pi k^{4}Q(k)dk\}^{2}=-\frac{16}{15}\Omega^{4}$, ($.14b)
$c=2 \int\int_{\Delta}d^{D}pd^{D}qk^{2}pqyz(1-z^{2}-y^{2}-xyz)Q(p)Q(q)$
$-2 \int\int_{\Delta}d^{D}pd^{D}qk^{2}p^{2}q^{2}(xyz+z^{2}y^{2})\chi(p)\chi(q)$ , (3.14c)
$d=2 \int\int_{\Delta}d^{D}pd^{D}qk^{2}pqx(1-z^{2})(1-y^{2})Q(p)Q(q)$, $(3.14d)$
$\nu^{2}B_{22}=\nu^{2}\int_{0}^{\infty}4\pi k^{8}Q(k)dk$ . ($.14n)
, $x,$ $y,$ $z$ , $k,$ $p,$ $q$ .
$Q(k)$ (314) (312) $B_{2}$ , (31)
$\tau_{B}$ .
$\underline{3.2}\tau_{V}$
(32) $(\equiv V_{2})$ , \S 1 $R_{:j}$ $B_{2}$ ,
;
$V_{2}=B_{2}+2<TrA^{2}B^{2}-Tk(AB)^{2}>+4<TrAB\dot{B}>$ . (3.15)
$\ovalbox{\tt\small REJECT}$ , ,
$2<?kA^{2}B^{2}-$ $Tr(AB)^{2}>=-\{\int_{0}^{\infty}4\pi k^{4}Q(k)dk\}^{2}=-\Omega^{4}$ , (3.16)
$4<hAB\dot{B}>=c-d$ (3.17)
.
, Time micro scale . (3.14)
$E(k)\equiv 2\pi k^{2}Q(k)\propto k^{-5/3}$ ,
. $\tau_{B},$ $\tau_{V}$ , .
, Lagrangian Renormalized Approximation 4)
155
. $\Omega^{2}=\epsilon/\nu$ , (3.14) , helicity
, $a=00,$ $b=-16/15(\epsilon/\nu)^{2},$ $c=-0200(\epsilon/\nu)^{2},$ $d=0064(\epsilon/\nu)^{2}$ ,






\S 2 , \gamma p Lagrangian strain
tensor time micro $scale\tau_{B}$ \kappa Lagrangian velocity
time micro scale $\tau_{L}$ , $Re$ ,
$\frac{\tau_{B}}{\tau_{L}}\sim(\frac{\nu}{qL})^{1/4}\sim Re^{-1/4}$
$- 1/4$ $\tau_{L}$ .
\S 3 , $\tau_{B}=2.01(\nu/\epsilon)^{(1/2)},$ $\tau v=1.07(\nu/\epsilon)^{(1/2)}$ , $\tau_{\hat{L}_{B}}$ $\tau_{\hat{L}_{B}}$
, 2 . , 2 .
\gamma p , (1.4) $\tau_{B}$ $\tau_{V}$ , 3
Dynamical Simulation , ,
.








, , $A_{2}=0.017(\epsilon/\nu)^{2}$ . $B_{2}=-0.246(\epsilon/\nu)^{2},$ $V_{2}=$
$-0.873(\epsilon/\nu)^{2}$ $<A_{ij}(t, s)A:j(t, t)>$ $\tau=s-t$
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